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DEQRUPDOGHVLJQSURMHFW)LUVWO\DQROGVXVSHQVLRQEULGJHLVORFDWHGQHDUWKLVQHZEULGJHLQSDUDOOHO)RUWKHQDYLJDWLRQ
FRQYHQLHQFHDQGWKHODQGVFDSLQJWKHVWUXFWXUHFRQILJXUDWLRQRIWKHQHZEULGJHWHQGVWREHVLPLODUWRWKHROGVXVSHQVLRQ
EULGJH6HFRQGO\WKHJHRORJLFDOFRQGLWLRQVDUHQRWVXIILFLHQWWRDQFKRUVWHDGLO\7KHUHIRUHWKHODUJHVSDQDUUDQJHPHQW
RIWKHQHZEULGJHLVVHOHFWHG
,QPDQ\FRXQWULHVWKHIDWLJXHFUDFNVLQWKHRUWKRWURSLFVWHHOGHFNKDYHRFFXUUHGLQVRPHEULGJHV$VDUHVXOWWKHUH
KDYHEHHQH[WHQVLYHUHVHDUFKHVUHJDUGLQJWKHSUREOHPV>@EXWWKHVHUHVHDUFKHVPDLQO\IRFXVHGRQWKHRUWKRWURSLF
GHFNVWLIIHQHGE\FORVHGULEV,QFRPSDULVRQWKHUHIHUHQFHVRQIDWLJXHDVVHVVPHQWRIRSHQULEVDUHOHVVWKDQWKHFORVHG
ULEV$OWKRXJKRSHQULELVDQROGIRUPRIVWLIIHQHULWFDQEHZHOGHGWRWKHGHFNZLWKFRPSOHWHMRLQWSHQHWUDWLRQ&-3
ZKLOHWKHZHOGLQJRSHUDWLRQFDQEHRQO\FDUULHGRXWIURPRXWVLGHIRUWKHFORVHGULEWKHUHLVDQLQHYLWDEOHIODZDWWKH
ULEWRGHFNZHOGURRWRIWKHFORVHGULEV>@,QWKLVQHZEULGJHWKHRSHQULEIRUPZDVDGRSWHGIRUWKHRUWKRWURSLFVWHHO
GHFN$SDUWIURPWKHDEQRUPDOVWUXFWXUHRIWKLVEULGJHWKHGHFNV\VWHPIRUWKLVEULGJHDOVRKDVVRPHGLIIHUHQWIHDWXUHV
7KH QRPLQDO VWUHVV PHWKRG ZDV XVHG WR DQDO\VH WKH IDWLJXH EHKDYLRXU RI WKH FRQFHUQHG FULWLFDO UHJLRQV RI WKH
RUWKRWURSLFVWHHOGHFN,QDGGLWLRQWKHVKDSHRIWKHFXWRXWLQWKHGLDSKUDJPLVGLVFXVVHG


)LJ(OHYDWLRQRIKDOIRIWKHVWUXFWXUHDQGWKHVHFWLRQRIWKHVWHHOJLUGHUXQLWP
1RPHQFODWXUH
ks 7KHVWLIIQHVVRIWKHVSULQJHOHPHQW
A 7KHERWWRPDUHDRIWKHVROLGHOHPHQW
K0 7KHIRXQGDWLRQUHDFWLRQPRGXOXVRIWKHUXEEHUOD\HU
t 7KHWKLFNQHVVRIWKHGLDSKUDJP 
ı 7KHWHQVLOHVWUHVV
Ĳ 7KHVKHDUVWUHVV
ı1 7KHILUVWSULQFLSOHVWUHVV
5HVHDUFKEDFNJURXQG
7KHD[OHORDGDFWVRQWKHUDLOZD\WUDFNVWKHQLWLVGLVSHUVHGE\WKHFRQFUHWHVODEVRQWKHRUWKRWURSLFVWHHOGHFN$
UXEEHUOD\HUZKLFKDEVRUEVYLEUDWLRQHQHUJ\LVGHVLJQHGEHWZHHQWKHFRQFUHWHVODEDQGWKHVWHHOGHFN0RUHRYHUGXH
WRWKHIDFWWKDWWKHORQJLWXGLQDOD[LVIRUFHLVWUHPHQGRXVLQWKHVWHHOER[JLUGHUWKHWKLFNQHVVRIWKHVWHHOGHFNUHDFKHV
WRPPZKLOHHYHQWKLFNHUSODWHVIRUWKHVWHHOGHFNDUHXVHGQHDUWKHS\ORQVDQGPLGGOHVSDQ7KHKHLJKWRIWKHVWHHO
ER[JLUGHULVPDQGZLGWKEHWZHHQWKHRXWVLGHHGJHVLVP7KHGLVWDQFHRIWZRGLDSKUDJPVLVP7KHUHDUH
WZRUDLOZD\WUDFNVRQWKHRSSRVLWHGLUHFWLRQVLQVWDOOHGRQWKHFRQFUHWHVODEV7KHGLPHQVLRQVRIWKHFRQFUHWHVODEDUH
PîPîPZLWKDPPJDSEHWZHHQWZRFRQFUHWHVODEV7KHUXEEHUOD\HULVPPWKLFNQHVVDQGLWV
IRXQGDWLRQUHDFWLRQPRGXOXVLV1PP
7KHUDLOZD\ORDGLVUHODWLYHO\UHJXODU$VHWRIXUEDQWUDLQVLVFRPSULVHGRIHLJKWFDUULDJHVDQGHDFKFDUULDJHKDV
IRXUD[OHV7KHGHSDUWPHQWRIWKHXUEDQWUDQVSRUWDWLRQLQWKHFLW\VXUYH\HGWKHFDUULDJHORDGDFDUULDJHVHOIZHLJKWLV
NJWKHGHVLJQORDGFDUULDJHZHLJKWDQGWKHSDVVHQJHUVUDWHGORDGLVNJZKLFKFRXOGLQFUHDVHE\
ZKHQRYHUORDGHG$FFRUGLQJWRWKHVHGDWDWKHDYHUDJHD[OHORDGRIWKHXUEDQUDLOZD\ZLOOVWD\XQGHUN1
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WKHVKHOOHOHPHQWLVVXLWDEOHIRUWKLQHODVWLFSODWH7KHWKUHHFRQFUHWHVODEVRQWKHVWHHOGHFNDUH
PRGHOOHGE\VROLGZKLFKLVDQHODVWLFQRGHVROLGHOHPHQW7KHVSDWLDOVSULQJHOHPHQWQDPHGFRPELQPRGHOV
WKHUXEEHUOD\HUZKLFKWUDQVIHUVQRGHIRUFHIURPVROLGPRGHOWRWKHVKHOOPRGHO7KHVWLIIQHVV ksRIHDFKVSULQJHOHPHQW
LVFDOFXODWHGE\WKHIXQFWLRQks=A×K0ZKHUHALVWKHDUHDDWWKHERWWRPRIVROLGHOHPHQWZLWKWKHPHVKVL]HRIPP
K0LVWKHIRXQGDWLRQUHDFWLRQPRGXOXVRIWKHUXEEHUOD\HUZLWKWKHYDOXHRI1PPVRksLVHTXDOWR1PP
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

)LJ7KHILQLWHHOHPHQWPRGHO

)LJ:HOGPRGHOOLQJPHWKRGXQLWPP

7KHZHOGPRGHOOLQJFDQDIIHFWWKHVWUHVVGLVWULEXWLRQDWWKHZHOGWRH7KHREOLTXHVKHOOUHFRPPHQGHG>@LVVHOHFWHG
WRPRGHOWKHZHOGWKHWKLFNQHVVRIWKHREOLTXHVKHOOFDQEHGHILQHGVDPHDVWKHWKURDWWKLFNQHVVRIWKHZHOG)LJ
7KHREOLTXHVKHOOPD\RIIHUWKHVLPLODULW\RIJHRPHWU\DQGVWLIIQHVVRIWKHZHOGEXWWKHVWUHVVGLVWULEXWLRQRIWKHZHOG
HOHPHQWLVXQUHOLDEOH7KHSDUDPHWHUVRIPDWHULDOVDUHOLVWHGLQ7DEOH7KHGHJUHHVRIIUHHGRPRIWKHQRGHVLQWKH
WZRRXWVLGHGLDSKUDJPVDUHIL[HG



94   Chong Wu et al. /  Procedia Engineering  161 ( 2016 )  91 – 96 
7DEOH3DUDPHWHUVRIWKHPDWHULDOV

(ODVWLF
PRGXOXV03D 3RLVVRQUDWLR 'HQVLW\NJP
&RQFUHWH î  
VWHHO î  
&ULWLFDOUHJLRQVDQGUHIHUHQFHVWUHVV
$FFRUGLQJWRVRPHUHVHDUFKHVRQWKHRSHQULEVWKHIDWLJXHFUDFNVZHUHSURQHWRRFFXUDQGGHYHORSDWWKHZHOGWRH
RQWKHVLGHRIFURVVEHDPZHEEXWOLWWOHFUDFNVZHUHREVHUYHGDWWKHULEWRGHFNUHJLRQVLQSUDFWLFH>@$QRWKHUIDWLJXH
WHVW>@VKRZHGWKDWWKHZHDNHVWSDUWRIWKHRSHQULEZLWKDFLUFOHFXWRXWZDVWKHZHOGZKLFKFURVVJLUGHUFRQQHFWHG
WRWKHULEDQGIRUWKHDV\PPHWULFFXWRXWFRPPRQO\NQRZQDVWKHNH\IRUPWKHFUDFNVZHUHOLNHO\WRRFFXUDWWKH
HGJHRIWKHFXWRXW7KHUHIRUHWKHUHDUHWZRFULWLFDOSDUWVFRQFHUQHG)LJ'HWDLO$LVQHDUWKHZHOGWRHRQWKHVLGH
RIWKHGLDSKUDJPDQG'HWDLO%LVRQWKHHGJHRIWKHFXWRXW
'HWDLO$
'HWDLO%
ORZHUFXWRXW
'HWDLO%
XSSHUFXWRXW
)LJ)DWLJXHGHWDLOVRIWKHNH\IRUPFXWRXW
    











VW
UH
VV
0
3
D
0HVKVL]HPP
'HWDLO$ǻı
'HWDLO$ǻĲ
'HWDLO%ıORZHU
'HWDLO%ıXSSHU
)LJ5HODWLRQVKLSRIUHIHUHQFHVWUHVVDQGPHVKVL]H
%HIRUHWKHIDWLJXHDVVHVVPHQWWKHUHIHUHQFHVWUHVVXVHGIRUDQDO\VLQJWKHIDWLJXHEHKDYLRXUVKRXOGEHGHILQHG,Q
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REWDLQHGE\KDQGFDOFXODWLRQ7KHILQLWHHOHPHQWPRGHOLVDQHIIHFWLYHWRROWRFDOFXODWHWKHVWUHVVGLVWULEXWLRQ+RZHYHU
WKHVWUHVVGLVWULEXWLRQQHDUWKHZHOGWRHLVLQIOXHQFHGE\VWUHVVFRQFHQWUDWLRQ$WDGLVWDQFHttLVWKHWKLFNQHVVRI
SODWH IURP WKHZHOG WRHRQ WKHSODWH VXUIDFH WKH VWUHVVSHDNYDOXHKDV VKDUSO\GHFUHDVHG DQG VWUHVVGLVWULEXWLRQ
EHWZHHQWKHtDQGtLVDOPRVWOLQHDU>@)RU'HWDLO$ZLWKWKHWKLFNQHVVRIWKHGLDSKUDJPEHLQJPPWKHSRLQW
LQWKHPLGGOHRIWKHtDQGtLVDSSUR[LPDWHO\FPDZD\IURPWKHZHOGWRHWKHWHQVLOHVWUHVVıDQGVKHDUVWUHVVĲ LQ
WKLVSRLQW LV FKRVHQ DV WKH UHIHUHQFH VWUHVV$OWKRXJK LQ WKLV UHJLRQ WKH VWUHVV VWLOO EHORQJV WR WKH VWUXFWXUDO VWUHVV
GHILQLWLRQ LWZLOO EH FRQVHUYDWLYH WR DVVHVV IDWLJXHEHKDYLRXUE\ WKHQRPLQDO VWUHVVPHWKRG$V IRU'HWDLO% WKH
PD[LPXPVWSULQFLSOHVWUHVVı1RQWKHHGJHLVFKHFNHG7KHVHQVLWLYLW\RIWKHPHVKVL]HIRUSHDNYDOXHRIWKHUHIHUHQFH
VWUHVVHVVKRZQLQ)LJZKLFKUHIOHFWVWKDWWKHPHVKVL]HVKDYHDVOLJKWHIIHFWRQWKHVWUHVVYDULDWLRQ$VDUHVXOW
FRQVLGHULQJWKHFDOFXODWLRQHIILFLHQF\WKHPHVKVL]HIRUWKHGHWDLOVLVPPDQGRWKHUSDUWVRIWKHVKHOOHOHPHQWVPD\
KDYHFRDUVHHOHPHQWVL]HV
6WUHVVLQIOXHQFHOLQHV
,QWKLVSDUWWKHFDOFXODWLRQSURFHVVIRUVWUHVVUDQJHVLVH[SODLQHG$IWHUWKH)(PRGHOLVHVWDEOLVKHGDQGWKHUHIHUHQFH
VWUHVVLVGHILQHGWKHVWUHVVLQIOXHQFHOLQHVRIWKHGHWDLOVFDQEHREWDLQHGWKURXJKDXQLWD[OHORDGN1WKDWSDVVHG
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WKHUDLOZD\WUDFN,QRUGHUWRVLPSOLI\WKH)(PRGHOWKHUDLOZD\RQWKHFRQFUHWHVODEVZDVQRWPRGHOOHG:KLOHWKH
XQLWD[OHORDGZDVPRYLQJRQIRUZDUGWKHSUHVVXUHVJHQHUDWHGE\WKHUHDFWLRQIRUFHRIWKHVXSSRUWVZHUHDFWHGRQWKH
FRQFUHWHVODEV7KHEHDULQJVL]HLVPPîPPVRWKHSUHVVXUHRQHDFKEHDULQJLV03D
7KHFRQFHUQHGSDUWLVODEHOOHGLQ)LJDOVRUHIHUUHGWRLQ)LJZKLFKLVRQWKHGLDSKUDJPEHWZHHQWZRFRQFUHWH
VODEV(DFKFRQFUHWHVODEKDVHLJKWSDLUVRIVXSSRUWVVRWKHUHDUHWRWDOORDGVWHSVIRUWKHVWUHVVLQIOXHQFHOLQHVRI
WKHGHWDLOV(YHQWKRXJKWKHXQLWD[OHORDGLVRYHUWKHD[OHORDGLQFRPPRQSUDFWLFHWKHVWUHVVRIWKHLQIOXHQFHOLQHV
VWLOONHHSVDWDUHODWLYHO\ORZOHYHO7KHFRQVHUYDWLYHWKLFNQHVVRIWKHRUWKRWURSLFVWHHOGHFNDQGWKHVWUHVVGLVSHUVLQJ
LQ FRQFUHWH VODE DUH FRQVLGHUHG WKHGRPLQDQW UHDVRQV WR UHGXFH WKH VWUHVV7KHQH[W VWHS LV WR FDOFXODWH WKH VWUHVV
KLVWRULHVRIWKHGHWDLOVWKURXJKPDNLQJDFDUULDJHSDVVWKHVWUHVVLQIOXHQFHOLQHVZKLFKDVVXPHGWKDWHDFKD[OHORDGRI
WKHFDUULDJHZDVN17KHQWKHVWUHVVUDQJHVJHQHUDWHGE\DFDUULDJHFDQEHFRXQWHGE\WKHUDLQIORZPHWKRGDQG
WKHVHVWUHVVUDQJHVUHSHDWHGWLPHVDIWHUDVHWRIWUDLQVSDVVLQJ7KHUHIRUHWKHRQH\HDUDPRXQWRIWKHVWUHVVUDQJHV
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